To investigate the effects of dietary pigeon pea (Cajanus cajan L.) seed meal (PM) on growth performance in early life stage of pigs and whether the raw PM could be used as a plant protein resource, 32 piglets were randomly allotted into 0, 10, 20 and 30% dietary PM groups of 8 pigs (2 pigs attained to the final 30kg body weight. Then, the composition of basal diet was changed from piglet diet to growing pig (30-60kg) diet. In both experimental feeding periods, feed intake, body weight gain, feeding period (day) until respective final body weights and feed conversion ratio were measured. Up to 20% PM group in growing pigs, there was no definite difference in the feed intake between each group, but the body weight gain tended to insignificantly decrease with the increasing dietary PM level, resulting in the insignificant increase of the feeding period and feed conversion ratio. However, all parameters significantly changed (P<0.05) at 30% PM level in growing pigs except in the feed conversion ratio which showed a significant difference (P<0.05) between 10 and 30% PM levels.
The greater part of pig production is feed cost. In Thailand, most of feed ingredients are dependent on imports and, especially, the shortage of protein sources is the most serious problem: One method to reduce feed cost is to develop an effective utilization of local feedstuffs such as natural plant pea growing in the field for plant protein sources.
Pigeon pea, Cajanus cajan L, is one of the important grain legumes in many Asian and African countries for human food due to its important source of proteins, carbohydrates , vitamin B and certain minerals14). In India , pigeon pea is mostly consumed as dehusked splits, and in African countries and Latin America it is mainly consumed as canned peas12).
Consequently, the potential for using pigeon pea for animal feeds has been investigated by many researchers. Also in Thailand, pigeon pea is a naturally growing plant pea, having brown to black round seeds about 7mm diameter, and have been used for cattle feeding. Experimentally, pigeon pea seed meal (PM) was reported to contain protease inhibitors such as trypsin and chymotrypsin in raw state7). The levels of these antinutritional factors were reduced by heating13, 18), and higher growth rates were reported in pigs given autoclaved PM than those fed unheated PM18). However, even in raw state of PM, many investigators have demonstrated the effective utilization of dietary PM within the limited percentage in Corresponding: Koh-en YAMAUCHI (fax: +8(0)87-898-7295, e-mail: Yamauchi@mail.ag.kagawa-u.ac.jp) MEKBUNGWAN, YOTHINSIRIKUL, THONGWITTAYA and YAMAUCHI some animals. Tangtaweewipat and Elliott16) described that the health and productivity of broiler chickens were not affected by up to a 30% raw PM level in diet and that egg productivity was affected at levels above 10% in layer diet. Mizubuti et al.10) showed that in broilers of 1-28 days, the best weight gain and feed conversion were obtained at 16.4 and 7.6% of raw PM in the ration, respectively. For pigs, Falvey and Visitpanich4, 5) have already proposed the potential of using PM for growing pigs, and Batterham et al.1) reported that the addition of PM linearly depressed the growth rate and feed intake, and increased the feed conversion ratio in growing pigs. Visitpanich et al.17) described the inferior growth rate of growing pigs fed diet containing 30% raw PM compared to growth of the pigs fed soybean meal. Castro et al.2) reported that no effect on feed conversion ratio was obtained by up to 50% substitution rate of PM for soybean meal. These reports suggest a possibility that the PM could be incorporated also into the diet for piglets as a plant protein source instead of soybean meal within the low substitution level even in raw state. However, a clear understanding of how growth performances would be affected by feeding the dietary PM is still lacking in piglets.
In this study, effects of dietary PM on feed intake, body weight gain, feeding period and feed conversion ratio were observed using piglets and growing pigs. Also, a possibility that the PM could be used as a plant protein source for diets for early life stage of pigs was determined.
Materials and Methods
Pigeon pea was grown in the Chiang Mai region in Thailand and soybean was purchased from a commercial company (Porn Amnouy Thrup Co. Ltd, Sukothai province). The raw PM were prepared by crushing through a hammermill to pass through a 4 -mm sieve . For the essential amino acid analysis, each ground meal of PM and soybean meal were hydrolyzed using 3N p-toluenesulfonic acid containing 0.2% 3-(2-aminoethyl) indole9) and amino acid was measured using amino acid analyzer (Hitachi L-8500). The chemical composition of the used PM and soybean meal is presented in Table 1 . PM was mixed at 0, 10, 20, and 30% levels for the basal diets of piglets (15-30kg, Table 2 ) and growing pigs (30-60kg, Table 3 ) as a substitute for soybean meal. Thirty-two crossbred piglets of Large White and Landrace were randomly allotted into each dietary PM group of 8 15kg pigs. Eight pigs of each dietary group were assigned to 4 concrete-floored pens libitum access to water and feed under practical environmental conditions in the completely random design described by Steel et al.15 ). The diet for piglets was fed until they reached to the final 30kg body weight, then the diet was changed to the diet for growing pigs. In both feeding experimental periods, feed intake, body weight gain, feeding period (day) until the respective final body weights and feed conversion ratio were compared between dietary treatments using Duncan's new multiple range test, DNMRT3).
Results
All measured parameters of each dietary PM group in piglets and growing pigs are shown in Tables 4 and 5, respectively. Daily feed intake did not show a definite difference except the significant decrease (P< 0.05) of 30% PM group in growing pigs.
The daily body weight gain tended to decrease with the increasing dietary PM level, and significantly decreased (P<0.05) at 30% PM level in growing pigs. The feeding period (day) lengthened until the final 30kg body weight in piglets or 60kg in growing pigs with the increasing dietary PM level, although not statistically significant.
The feed conversion ratio tended to increase with the increasing dietary PM level, and showed a signifi-cant increase (P<0.05) at 30% dietary PM level than that of 10% group in growing pigs.
Discussion
Although up to 20% PM group in growing pigs of feed intake did not show a definite difference between each group, the body weight gain tended to decrease with the increasing dietary PM level, resulting in the insignificant increase of the feeding period and feed conversion ratio. This phenomenon is thought to be related to the volume of PM substituted for soybean meal in the diet. In the diet for piglets, 17.5% of soybean meal in 0% dietary PM group was substituted by PM in 10% dietary PM group; 34.5 and 53.4% in 20 and 30% dietary groups, respectively. Similarly, in the diet for growing pigs, 37.5, 76 and 100% was substituted by PM in 10, 20 and 30% dietary PM MEKBUNGWAN, YOTHINSIRIKUL, THONGWITTAYA and YAMAUCHI Table 3 .
Composition of diets (%) for growing pigs (30-60kg) * For premix , see Table 2 .
** Calculated values . groups, respectively. Castro et al.2) reported that the decrease in body weight gain was observed with the increasing PM level which was substituted for soybean meal at 0-100% in growing pigs (32 to 112kg liveweight). The reduced body weight gain with the increasing PM level seems to be induced by the com-plex mode of nutritional quality, quantity and availability of PM. Qualitatively, the crude protein and essential amino acid contents in the PM used were inferior to those in soybean meal. Quantitatively, NRC essential amino acid requirements of lysin and methionine+cystin are 0.95% and 0.54% in 20-50kg swine, respectively11). In this study, both amino acids in 30% PM group in growing pigs were not enough for NRC essential amino acid requirements, suggesting that the low productive performance of 30% PM group in growing pigs may be induced by the deficiencies of these amino acids. Raw PM was reported to contain antinutritional factors such as amylase inhibitors, protease inhibitors, phytolectins, polyphenols and oligosaccarides13). In amylase inhibitors of PM, Giri and Kachole6) identified 4 isoforms which inhibited human salivary and bovine pancreatic. amylase.
In protease inhibitors, Jambunathan and Singh7) demonstrated the trypsin and chymotrypsin inhibitors in PM. Batterham et al. 1 ) showed that trypsin and chymotrypsin inhibitors of PM (4.8 and 2.7mg per g, respectively) were higher than those of soybean meal (0.26 and 0.00mg per g, respectively), and Visitpanich et al.17) described the 10 times higher trypsin inhibitor activity of PM (26 unit per mg) than that of soybean meal. These antinutritional factors appear to induce the low feed digestibility by inhibiting trypsin and chymotrypsin, resulting in slow growth rate of animals. Therefore, it is reasonable to think that the slower growth rate of pigs fed the dietary PM compared with those of soybean meal would be induced by the lower availability of raw PM and antinutritional factors in PM. It may be speculated that the no significant difference in body weight gain of up to 20% PM level in growing pigs may result in part from the considerable less sensitivity of pigs to the trypsin and chymotrypsin inhibitors than rats and chickens8).
In this study, although the dietary PM tended to induce negative effects in each parameter of growth performance with the increasing dietary PM level, no statistically significant differences were found in any of growth performance of up to 20% level in growing pigs. This suggests that as a plant protein source the PM could be incorporated beyond the 30% level for piglet diet and up to the 20% level for growing pig diet and that as the cost is 7 baht per kg for soybean meal but is free of PM, the effective utilization of PM enables to reduce the feed cost in pig production.
